Abstract : Land surface temperature (LST) is an important factor in human health, thermal environment, heat balance, global change studies, and as control for climate change. The objective of this study was to assess the influence of Urban Heat Island (UHI) Effects on the LST and NDVI in Cheongju, Korea. The aim was to evaluate the effect of urban thermal environment for LST comparison of satellite-derived and in situ measured temperature. In this study, LANDSAT TM and KOMPSAT scene were used. The results indicated that the minimum LST is observed over dense forest as about 21~25℃ and maximum LST is observed over industrial area of about 28~32℃. The estimated LST showed that industrial area, bare soils and built-up areas exhibit higher surface temperatures, while forest, water bodies, agricultural croplands, and dense vegetations have lower surface temperatures during the summer daytime. Result corroborates the fact that LST over land use/land cover (LULC) types are greatly influenced by the amount of vegetation and water bodies present. The LST of industrial area and urban center is higher than that of suburban area, so it is clearly proved that there are obvious UHIE in Cheongju.
I. Introduction
Many aspects of the outdoor environment, including air & water quality, can adversely affect living things and human health in general. But outdoor air & water quality may be the most influential factor, among others, in affecting thermal environment. The Urban Heat Island (UHI) is a phenomenon whereby temperatures in urban areas are warmer than the surrounding rural countryside, often by several degrees. Heat-waves that are caused by the UHI effect influence human health, the quality of life of urban residents, energy consumption, and other adverse climate effects, such as air pollution. As a result, impervious surfaces collect solar heat in their dense mass (Bauer et al., 2004) . When the heat is released, it raises air temperatures, producing UHI, and increasing energy consumption in black & white infrastructures. Seoul temperatures have risen the past 50 years 1.6℃. The main reason has been pointed out the impact of urbanization (Kim & Baik, 2005) . The IPCC's fourth assessment of global temperature during the 21st century that is certain to rise further (1.1~6.4℃) (IPCC, 2007) . A number of studies have examined Dousset & Gourmelon, 2003; Voogt & Oke, 2003) .
One approach to investigating these relationships is to collect land use/land cover (LULC) data coincidentally with land surface temperature (LST) so that the LULC data can directly support analysis of LST outcomes (Weng et al., 2004 : Na & Park, 2010a .
As studies of this type are costly, they are typically conducted over relatively confined areas with small sample sizes. An alternate approach is to use remote sensing. Unfortunately, most remote sensing data especially KOMPSAT (Korea multi-Purpose SATellite) imagery for general environment surveys do not have detailed environmental and/or air & water quality information.
The objectives of this paper are to (1) review the KOMPSAT and LANDSAT imagery assessment of the UHI effect and (2) provide potential prospects for future use of KOMPSAT imagery data to evaluate and monitor the UHI effect.
II. Study area and methodology
Study area
The study area is located between 36°36'30"N to 36°40'N latitudes and 127°25'E to 127°31'E longitudes (Fig. 1) . The city of Cheongju is situated 132 km from Seoul, the capital of Seoul, Rep. of Korea. There are mountains to the east and the north of the city.
Cheongju has an area of approximately 120 km 2 . Population of Cheongju was 6.5 million people (Korea NSO of Census, 2010) . Cheongju has undergone a period of significant growth in the last three decade, including a 62% increase in inhabitants from the 1980 population of 4.0 million (Korea NSO of Census, 1980) . Cheongju is a typical plain-city that main part has been formed and developed in lowland. Cheongju has distinct seasons, with a hot and humid summer as well as a cold and dry winter. The relative humidity 
Methodology
The satellite imagery data from both KOMPSAT-2 (Na etal. 2010b ).
Calculation of LST and NDVI
The LANDSAT TM thermal infrared band (10.4-.12.5 μm) data were utilized to derive the LST. The following equation was used to convert the digital numbers (DN) to space reaching radiance measured by the instrument (Chander & Markham, 2003) :
where L λ is space reaching or Top of Atmospheric The spectral radiance L λ is computed, the brightness temperature at the satellite level can be calculated by using the following approximation formula:
where T b is the effective at-satellite brightness tem- perature of TM 6 in K, K 1 and K 2 are pre-launch calibration constants. For LANDSAT 5, which we will use in the study, K 1 is 607.76W/(m 2 ·sr·μm) and K 2 is 1260.56 K, respectively (Schneider and Mauser 1996) .
The LST was computed following equation;
where LST is the land surface temperature in Celsius (℃), ε is emissivity, λ is wavelength of emitted radiance in µm, ρ is 1.438×10 -2 mK.
The LANDSAT image was resampled using the nearest neighbor algorithm and ordinary kriging ( III. Results and analysis 1. Analysis of air temperature variation as evidence of global warming, but it was actually evidence of the UHI effects.
Land cover classification of KOMPSAT imagery
By using ERDAS IMAGINE software, LULC distribution and pattern were mapped by supervised classification with the maximum likelihood algorithm (Na et al. 2010b ). Seven land cover classes were classified in the KOMPSAT images MS 3 and 4. The classes include:
industrial, residential, arable, forest, barren, water and shadow area. show that the NDVI vary from 0.1 to 0.2.
Analysis of Land Surface Temperature
After the retrieval of LST using ERDAS IMAGINE software, the map generated using distribution color range and OK interpolation method (Park & Na, 2010) . This negative correlation between NDVI and LST is valuable for urban thermal environment studies.
Analysis results suggest that LST characteristics can be identified through qualitatively based urban LULC, NDVI, and dark and white city infrastructure. Different LULC and NDVI characteristics can significantly alter thermal conditions in urban areas. These figures suggest that it is possible to obtain reasonable agreement between urban LULC types (NDVI) and associated thermal characteristics (LST).
Characteristics of Land Surface Temperature
Merging the LST images and the land cover classification images, the relationship between the land cover classification and the surface temperature can be clearly understood. shows deep valley and reservoir shapes in the LST map. Green and blue surfaces in the rural areas tend to warm slower than those of the urban center areas.
By virtue of their low heat capacities, forest, park, and water bodies act as a giant reservoir and valley of cool energy. These area are the so called 'cool island' or 'cool spots' compare to surrounding area. Map of differential heat island clusters means several 'heat island' and 'cool spots' combination may exist due to exposure of LU and LC pattern of exposed area.
Therefore, LULC size, thermal cover, and cluster pattern distribution are important observables in the differential heat island clusters.
IV. Conclusions
We reviewed the use of thermal remote sensing in Achieving low-carbon society, a relationship between forest or water bodies in the city and UHI may be of improve the quality of urban environment and interest to peoples, who could monitor water bodies and forest density in an attempt to control or mitigate the effects of the UHI.
